In this retrospective study based on 140 esotropic and 51 exotropic patients, the factors influencing successful outcome and response to strabismus surgery were investigated. Thirteen independent variables were chosen. The pre-operative deviation was found to be the only discriminant factor for early and late successful surgical outcomes in esotropic patients. For exotropic patients the visual acuity of the left eye was the discriminant factor for early successful surgical out come. In esotropic patients the response to surgery increased with increasing amounts of pre-operative deviation. It was lower for patients with older age of onset and larger amounts of medial rectus recession.
The aim of strabismus surgery is to straighten the eyes in the primary position and to improve versions and the range of binocular single vision. The outcome of strabismus surgery shows great varia bility among patients. The determination of pre operative and intraoperative factors affecting suc cessful surgical outcome would help us to be more confident when planning a surgical intervention. The predictability of the surgical outcome also depends on the assessment of factors affecting the response to strabismus surgery. von Graefe l was the first to mention the dose-response relationship in strabis mus surgery in 1857 and von Pflugk 2 followed him using the degree/mm ratio (squint-angle reduction per millimetre of surgery). Many surgical formulas have been proposed, on the basis of both clinical experience and artificial eye models, to detect factors affecting the response to surgery and to improve the predictability of strabismus surgery ? � 8 Controversy
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still exists regarding the amount of surgery appro priate for different angles of strabismus.
This study was undertaken to determine the pre operative variables that can enable us to predict a successful outcome and to plan the most appropriate surgical intervention.
PATIENTS AND METHODS
We reviewed the case notes of consecutive patients undergoing horizontal recess-resect surgery for comitant esotropia and exotropia at Hacettepe University between 1984 and 1994. Our esotropic patients consisted of those with acquired esotropia (deviation recognised after 6 months of age as indicated by parental history or confirmed by an ophthalmologist) and exotropic patients included patients with intermittent and constant exotropia. Our specific exclusion criteria eliminated patients whose surgical procedure involved symmetrical medial rectus recession surgery for esotropia and lateral rectus recession surgery for exotropia, adjus table suture technique and simultaneous oblique muscle surgery. We included patients on whom we performed simultaneous vertical transposition of horizontal recti for treatment of A or V pattern. We have previously shown that simultaneous vertical transposition of horizontal recti does not have any effect on the outcome of horizontal recess-resect surgery for the same patient group. 9 Also Kutschke and Keech 10 showed that the vertical displacement of horizontal muscles did not significantly affect the amount of horizontal correction achieved. In addi tion, we excluded patients with ocular pathology such as nystagmus, microcornea, a history of previous strabismus surgery, botulinum toxin injection, paraly tic strabismus and mechanical restrictions as deter mined by forced duction testing.
Patient data were analysed to determine the factors influencing surgical success and response to surgery. Patients were assigned to one of the following surgical outcome groups on the basis of Eye (1996) 10, 315-320 © 1996 Royal College of Ophthalmologists their post-operative deviations: (1) success; (2) residual esotropia/exotropia. A successful outcome was defined as final alignment within ±5 degrees of straight, with or without evidence of binocular single
. eSI ua esotropIa was efined as a deviation of more than 5 degrees of esotropia, residual exotropia as a deviation of more than 5 degrees of exotropia. Patients with a post-operative deviation below 10 degrees of orthotropia were considered cosmetically successful. Factors influen cing early and late surgical success were analysed by the discriminant analysis method. For assessment of early surgical success, measurements taken in the sixth post-operative week were used for analysis. Late surgical outcomes were analysed for patients who had at least 1 year of follow-up. As patients come from a distance, the last post-operative measurements were taken for data analysis.
Discriminant analysis is a statistical method used to determine the independent variables that are predictors of an outcome group. Surgical success was defined as the outcome group in this study. A computer-assisted program (SPSS) was used for discriminant analysis. In this program a stepwise analysis of variance was performed.
In the sec;ond part of the study we investigated the factors influencing the response to surgery. The response to surgery was defined as the change in deviation divided by the amount of surgery. The change in deviation is the absolute change in deviation from pre-operative to post-operative mea surement. The amount of surgery is the sum (in millimetres) of the recession and resection per formed. The data were analysed with a stepwise multiple regression analysis.
For the two studies the same independent variables for each case were selected: age of onset of deviation (years), age at surgery (years), interval between onset and surgery (years), pre-operative deviation (degrees), refractive error of the right and the left eye (spherical equivalent as dioptres), anisometropia (the difference between the spherical equivalent values of refractive errors of the right and the left eye in dioptres), visual acuities of the right and the
left eye, presence of amblyopia (patients were divided into three groups according to presence and depth of amblyopia, as discussed later), medial rectus surgery (recession or resection, in millimetres), lateral rectus surgery (recession or resection, in millimetres), presence of alphabetical pattern.
We measured the angle of strabismus with both the alternate prism cover test and a synoptophor when possible, and when not possible with a Krimsky test. All deviations were measured with appropriate spectacle correction at distance. Measurements obtained in prism dioptres were converted to degrees for data analysis. Esotropic deviations were denoted as positive numbers and exotropic deviations as negative numbers.
R efractive errors were determined with retino scopy after cycloplegia using either cyclopentolate or atropine. The spherical equivalent values were taken into account. Myopic refraction errors were repre sented as negative numbers and hyperopic refraction errors as positive numbers.
Visual acuities were determined by Snellen or illiterate E chart when possible and by the forced choice preferential looking test when not possible. Amblyopia was defined as a difference of two or more lines between the monocular visual acuities. 3 We defined the presence of 5 or more lines of difference between monocular visual acuities as deep amblyopia. Patients were divided into three groups according to the presence and degree amblyopia: group 1, patients without amblyopia; group 2, patients with amblyopia; group 3, patients with deep amblyopia.
The angle of strabismus measured at sixth post operative week was taken for data analysis. We included only those patients whose post-operative deviations were reproducible, accurate and stable.
We included 140 esotropic and 51 exotropic patients satisfying our selection criteria.
RESULTS
Seventy-nine esotropic patients with a post-operative deviation below 5 degrees of straight at the sixth post-operative week were assigned to the success group. The remaining 61 patients with a deviation of more than 5 degrees of straight were assigned to the residual esotropia group. Cosmetic success for these patients was 86%. For the exotropic patients 28 of 51 with a deviation below 5 degrees at the sixth postoperative week were assigned to the success group and the remaining 23 patients to the residual exotropia group. Cosmetic success for the exotropic patient group was 94%. The mean and standard deviation values of independent variables used for disciminant analysis are summarised in Table I for esotropic and exotropic patients. Amblyopia was not present in 42 (30%) estropic and 21 (41 %) exotropic patients whereas 64 (46 %) estropic and 21 (41 % ) exotropic patients were amblyopic and 34 (24%) esotropic and 9 (18%) exotropic patients had deep amblyopia. With respect to the presence of alpha betical pattern, 52 (37%) estropic and 12 (23%) extropic patients had alphabetical pattern.
Among these independent variables the pre operative deviation was the only statistically signifi cant discriminant factor for a patient being in the success group at the sixth post-operative week (p<0.00l). For exotropic patients the visual acuity of the left eye was statistically significant (p<0.05).
In the long-term results we included 81 esotropic patients who had a post-operative follow-up longer than 1 year. Forty-nine of them with a post-operative deviation within 5 degrees of straight were assigned to the success group. The means and standard deviations of same independent variables are given in Table II 
In the second part of the study we analysed the factors influencing response to surgery. The mean response to surgery was 1.20 ± 0.05 for esotropic and 1.00 ± 0.07 for exotropic patients. The means and standard errors of the independent variables for esotropic and exotropic patients are given in Table  III. For esotropic patients the effect of pre-operative deviation on response to surgery was found to be statistically significant (p<O.OOOl, ? = 0.33) in the first step of the multiple regression analysis. In patients with esotropia approximately 33% of the variability in response can be explained by the pre-operative deviation alone. After pre-operative deviation was put into function, age of onset of strabismus is found to be statistically significant (p<0.000l, r2 = 0.44). At the third step, when pre-operative deviation and age of onset was put into function, the amount of medial rectus recession was found to be statistically sig nificant (p<0.0005, ? = 0.50). At this last step these three parameters explain 50% of the variability in response. This analysis showed that response to surgery was higher for larger pre-operative devia tions but lower for older age of onset of deviation and larger amounts of medial rectus recession. Figs.  1-3 show response as a function of pre-operative Response to Surgery (degree/mm) deviation, age of onset and medial rectus recession respectively. For 51 exotropic patients only the effect of the pre operative deviation on response to surgery was found to be statistically significant (p<0.0005, r 2 = 0.25). In patients with exotropia approximately 25% of the variability in response can be explained by the pre operative deviation. The response to surgery was higher for larger pre-operative deviations in exo tropic patients. Fig. 4 shows the response to surgery as a function of pre-operative deviation in exotropic patients.
DISCUSSION
In this study the pre-operative deviation was the most important discriminant factor for early and late
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. . : :·: successful surgical outcomes for esotropic patients.
Patients with larger pre-operative deviations have a poorer chance of having a successful outcome with a single recess-resect procedure. Bateman and associates l6 analysed variables such as age of onset of deviation, age at surgery, interval between onset of deviation and surgery, pre-opera tive deviation, Ac/A ratio, medial rectus recession, refraction of the right and the left eyes and anisometropia in their 172 patients with discriminant analysis. They have. found that the pre-operative deviation and the refractive error of the left eye were statistically significant. In another study Keenan and Willshaw 12 reported that none of the pre-operative variables, including age of onset, age at surgery, presence of amblyopia, refractive error and anisome tropia, could explain the success of the final outcome. Their study did not include pre-operative deviation as a pre-operative variable.
For exotropic patients the only discriminant pre dictor for a successful outcome was the visual acuity of the left eye. Pre-operative deviation. which was the only discriminant factor for esotropic patients, was not a significant factor for exotropic patients. This may stem from the variations in measurements of pre-operative deviation depending on the examina tion conditions. Also the post-operative drifts are important in assigning patients to successful outcome groups. Larger patient groups with proper pre operative evaluation of exotropic patients, such as measurements with prism adaptation or monocular occlusion, may help find more significant predictors for successful surgical outcomes.
In the second part of the study we evaluated the factors influencing response to surgery. In esotropic patients the response to surgery was found to be 1.20 ± 0.05 degree/mm (range 0-3 degree/mm). Multiple regression analysis had shown that the response to surgery increased with increasing amounts of pre-operative deviation. But it was lower for patients with older age of onset and larger amounts of medial rectus recession. The relationship between pre-operative deviation and response has also been demonstrated previouslyP-! 9 It was suggested by Graf and associates 17 that this was related to the presence of anomalous correspon dence in small angles of deviation. They suggested that anomalous correspondence is of no consequence in very large deviations. which results in large post operative angles. but plays an increasing role in small pre-operative deviations. Also, in larger recessions of the medial rectus muscle the recessed muscle post operatively inserts more dorsal to the tangential point than pre-operatively.
Kushner and associates !8 reviewed factors influen cing response to surgery and stated that the inclusion of axial length, age or refractive error did not significantly improve the prediction of response beyond that provided by the use of pre-operative deviation alone.
Our study showed that the older the patient at the onset of deviation the smaller the surgical effect. This can be explained by the fact that the younger the patient, the smaller the eye and the larger the response. This relation was also demonstrated by Kuschner and associates. 1 8 In this study the response to surgery was found to be lower for larger amounts of medial rectus recessions. This was an unexpected result because larger amounts of medial rectus recession were done for larger pre-operative deviations and response was greater in larger pre-operative deviations. This result 319 may stem from the anatomical vanatlOns in the insertions of the recti muscles. The limbus-insertion and insertion-equator distance are important for function of the recessed medial rectus muscle post operatively. It has been shown that limbus-equator distance for the medial rectus can vary betwen 9.1 0 and l3.76 mm. while the amount of recession needed to place the medial rectus at the equator ranged between 3.5 and 8.5 mm ? O Another minor contribut ing factor can be the use of compasses for intrao perative measurements of recessions instead of curved rulers ? ! The effect may be more pronounced in larger recessions.
For exotropic patients the response was found to be 1.00 ± 0.07 degrees/mm surgery. The only factor influencing response to surgery was the pre-operative deviation. The response was higher for larger pre operative deviations. There is no consensus on the factors influencing response in exotropic patients. Scott et al. 22 found age, the difference between near and distance deviations and the change in deviation with upward and downward gaze to be significant predictors influencing response in exotropic patients. Gordon and Bachar. 6 using the same predictor variables, found that response was determined by the magnitude of the larger pre-operative deviation, the average corrected visual acuity, the degree of anisometropia and the average spherical equivalent. Kuschner and associates !8 demonstrated that the pre-operative deviation significantly influenced response in exotropic patients while Graf and associates l8 asserted that it did not. The lack of agreement in these results may be due to the greater variation of pre-operative angles of deviation in exotropic patients. The use of the pre-operative prism adaptation test for determining the pre operative deviation in exotropic patients was shown to improve the surgical outcome. 23 Also it is recommended that the deviations be measured after 1 hour of monocular occlusion in exotropic patients ? 4 Another factor creating discrepancy between the results of different series may be the post-operative drift encountered in exotropic patients ? 5 These factors are not sufficient to explain the variability in response to strabismus surgery. Several other pre-, intra-and post-operative factors are suggested to play a role in the final outcome of surgery. The most important of these may be the errors made in measuring the pre-operative devia tions. This may be due to the examiner or the prismatic effect of spectacles having a refractive power greater than ±S dioptres 26 and incorrect conversion of prism dioptres to degrees. 7 . 27 The use of prism adaptation for determining the pre-opera tive angle of deviation is recommended both for esotropic and exotropic patients. 14 . 23
One of the intraoperative errors in recession surgery is the placement of sutures about 1 mm beyond the insertion line, which may decrease the effective amount of recession? The posterior disloca tion of the central part of the recessed or resected muscle may increase the effect of recession while decreasing the effect of resection. R ecently R osen baum and associates 28 reported that the size of the pre-operative deviation and response to surgery were correlated with the passive tension of the medial rectus muscle in patients with acquired esotropia? 8
Post-operatively fibrosis, atrophy, paresis and cicatrisation may affect the outcomeJ. 29 The astig matism and other refractive changes after strabismus surgery also contribute to the final outcome. 30
All these factors are important in the final results of strabismus surgery. Pre-operative deviation was found to be the strongest predictor for response to strabismus surgery for both esotropic and exotropic patients. It was also the only discriminant factor for a successful surgical outcome in esotropic patients. We believe that eliminating the factors causing errors in the determination of pre-operative deviation will improve the success and predictability of surgical outcomes.
